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Abstract
The objective was to evaluate blood flow in fetal and maternal vessels by Triplex Doppler and its association with development
of blood vessels during gestation in the domestic cat. Ten queens were examined weekly from 14 to 63 d after mating. Peak
systolic velocity (PSV), end diastolic velocity (EDV), resistance index (RI) and pulsatility index (PI) of uteroplacental, aorta and
umbilical fetal arteries and caudal vena cava of the fetus were evaluated. Throughout pregnancy, there was an increase in PSV
and EDV in the aorta and umbilical arteries. In the caudal vena cava, there was an increase in PSV, whereas the EDV was constant,
with a significant increase on Day 63. Peak systolic velocity and EDV of the uteroplacental artery reduced significantly on Day
63. Resistance index of the umbilical artery progressively decreased. In the aorta, this reduction was detected only on Day 42, with
no defined pattern in the caudal vena cava and uteroplacental artery. Pulsatility index of the aorta varied. Although pulsatility
increased in the caudal vena cava on Day 35 and remained elevated, pulsatility was significantly reduced in the umbilical artery
by Day 63. The pulsatility index of the uteroplacental artery was constant (increased only on Day 63). Triplex Doppler evaluation
could be a useful adjunct for prenatal care of pregnant queens, including assessment of vascular gestational development and
prediction of gestational age.
© 2012 Elsevier Inc. Open access under the Elsevier OA license.
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www.theriojournal.com1. Introduction
Abnormal vascular placental development in either
fetal or maternal compartments is responsible for most
intrauterine growth restriction [1], fetal distress, and
early pregnancy failure [2]. Adequate fetal growth de-
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oi:10.1016/j.theriogenology.2011.10.005pends on efficient nutrient delivery from mother to
fetus and, therefore, requires normal uterine perfusion,
transplacental exchange of nutrients and waste, and
umbilical perfusion. During advanced stages of preg-
nancy, changes in maternal and fetal placental blood
flow dynamics are necessary to accommodate acceler-
ating fetal growth [3].
When cardiac function begins in the embryo, it is
possible to visualize cardiac and aortic blood flow.
As embryonic development proceeds, it is accompa-
nied by increased blood flow and, consequently,
990 B.S. Pereira et al. / Theriogenology 77 (2012) 989–997heart rate in the mouse [4]. Detection of anomalies in
fetal aortic blood flow is an important predictor of
perinatal death [5], particularly in a vessel that sup-
plies vital organs [6]. Likewise, normal blood flow of
the caudal vena cava (CVC) depends on cardiac
contraction strength, compliance and adequate after-
load, directly reflecting the systolic and diastolic
cardiac cycle [7–9].
Triplex Doppler provides real-time information
on structural and hemodynamic vascular aspects
[10,11]. In women with high-risk pregnancies, the
use of Triplex Doppler to monitor blood flow and
fetal umbilical artery (UMA) pulsation may aid the
evaluation of fetal vitality, hence, reducing the num-
ber of perinatal deaths and unnecessary obstetrical
interventions [12]. This device has also been used to
study pregnancy in several animals, including
bitches [7,13,14], mares [15,16], cows [17,18],
queens [8,19], ewes [20], and rabbits [9]. In pregnant
queens, the parameters measured with Doppler ultra-
Fig. 1. Means ( SEM) of the PSV, EDV, RI, and PI of the uterop
a-eValues without a common superscript differed (P  0.05).sonography included the resistance index (RI), pul-
satility index (PI), peak systolic velocity (PSV) and
end-diastolic velocity (EDV) of the uteroplacental
arteries (UPA), UMA, fetal aorta artery (AA), and
fetal CVC, from 4 to 8 wk of gestation.
Brito et al [19] obtained earlier (in pregnancy)
results for uterine artery and the UMA, starting at the
second week of gestation, by evaluating RI and PI.
Thus, there is an impetus to monitor all the afore-
mentioned blood vessels throughout pregnancy, to
establish which hemodynamic structures are the most
suitable for the evaluation of fetal viability in do-
mestic cats, according to fetal age. The objective of
the present study was to evaluate PSV, EDV, RI and
PI of the UPA, aa, UMA, and CVC, describing the
relationship between Triplex Doppler and the devel-
opment of blood vessels throughout gestation in
queens, to determine associations between those pa-
rameters and gestational age.
artery in pregnant queens.lacental
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This experimental protocol was approved by the
Animal Ethics Committee of the State University of
Ceará, in accordance with the guidelines for care and
use of laboratory animals established by the Brazilian
College of Animal Experimentation.
2.1. Location
The experiment was performed in the experimen-
tal cattery of the Carnivore Reproduction Laboratory
of the State University of Ceará, located in Fortaleza.
2.2. Experimental animals
Sexually mature and healthy domestic cats were
utilized. The experimental group was composed of 10
queens, aging from 3 to 5 y, weighing 3 to 5 kg and five
tomcats, ranging from 5 to 8 y, weighing 4 to 4.5 kg.
2.3. Animal welfare condition
The animals were kept in an experimental cattery in
individual cages. They were submitted to natural pho-
toperiod and regional weather. The animals had access
to an outdoor area and to scratchers and cat toys.
Pregnant females were transferred to bigger cages
which contained a litter box, a nesting box, and objects
for environmental enrichment.
Cats were fed a dry commercial food (Whiskas
PEDIGREE, Masterfoods Brasil Alimentos, Ltda, Ef-
fém, São Paulo, SP, Brazil) and received water ad
libitum. Pregnant queens were fed a dry commercial
kitten food (Whiskas kitten, Whiskas PEDIGREE,Fig. 2. Triplex Doppler of the fetal aorta artery at 28 d (AMasterfoods Brasil Alimentos, Ltda, Effém), during the
second half of pregnancy and lactation.
2.4. Estrus identification
Queens were observed for signs of sexual activity
once a day, by a trained observer, who presented them
to a tomcat [21].
2.5. Mating management
Queens were mated twice on Days 2, 3, and 4 of
estrus, the last day of mating being considered the first
day of pregnancy (Day 1).
2.6. Ultrasonographic evaluation
Ultrasonographic examinations were performed from 10
to 14 d after mating to confirm pregnancy. Once preg-
nancy was confirmed, these examinations were per-
formed once a week, from Days 14–63.
After hair removal, females were positioned in dorsal
recumbency and, whenever necessary, in lateral recum-
bency on a foam mattress. Evaluations were performed
with an ultrasographic device SonoAce Pico (Medison,
Co, Ltda, Daechi-Dong, Kangnam-ku, Cuseoul, Korea),
with a multifrequency linear transducer (5–9 MHz). The
animals were physically restrained and ultrasound gel
(Fort Sam Brasil - São Paulo, SP, Brazil) was applied to
the skin. All examinations were performed by the same
operator to minimize variability.
Fetal viability was monitored by measuring the heart
rate during each ultrasonographic evaluation. Maternal
blood flow was determined for the UPA, localized near
the gestational sac. The aorta was imaged throughout) and 42 d (B) after mating, in pregnant queens.
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992 B.S. Pereira et al. / Theriogenology 77 (2012) 989–997its arch, with the CVC parallel to the AA. The UMA
was measured on the free fluctuating portion of the
umbilical cord, between the conceptus and the gesta-
tional sac. All measures were taken from the most
caudal fetus in each uterine horn and the blood vessels
were evaluated as described previously [8].
The insonation angle between the Doppler flow
nd the direction of the vascular segment was ap-
roximately 60° (bidimensional evaluation in
-mode associated with Color Doppler and Spectral
oppler-Triplex Doppler). At least three consecutive
ardiac cycles were used for each analysis. The cor-
ect identification of arterial flow was marked when
he achieved graphic spectral Doppler standard pre-
ented at least three consecutive systolic peaks, with
imilar velocity and amplitude. Then, the following
arameters were measured: PSV, EDV, RI and PI.
alues for RI [22] and PI [23] were automatically
calculated by the software of the ultrasonic scanner,
according to the formula:
Fig. 3. Means ( SEM) of the PSV, EDV, RI and PI of the fetal ao
a-dValues without a common superscript differed (P  0.05).RI  peak systolic velocity – end-diastolic velocity/
eak systolic velocity.
PI  peak systolic velocity – end-diastolic velocity/
ean values between velocities.
The queens were subjected to a Cesarean section on Day
3, following the last ultrasonographic examination.
.7. Statistical analyses
Regression analysis was performed to generate de-
criptive equations (PROC REG) for the association
etween the day after mating and the data for Triplex
oppler [24]. All data (measurements of PSV, EDF, RI
nd PI of the uteroplacental, aorta, umbilical arteries
nd the caudal vena cava) were initially submitted to
olmogorov–Smirnov and Bartlett’s tests to confirm
ormal distribution and homogeneity of variance, re-
pectively. Repeated Measures analysis of variance
ANOVA) was then done to determine the effect of time
(number of days after mating) on the analyzed vari-
ry in pregnant queens.rta arte
993B.S. Pereira et al. / Theriogenology 77 (2012) 989–997ables, followed by Fisher’s protected least significant
difference post hoc test for comparison of means. Stat
View software (SAS Institute, Inc., Cary, NC, USA)
was used for all analyses. Differences were statistically
significant when P  0.05 and the results were ex-
pressed as mean  SEM.
3. Results
Diagnosis of pregnancy was based on visualization
of gestational sacs, around Day 13.3  3.32. In three
females, gestational sacs were visualized on Day 10.
Mean prolificacy was 2.80  1.55 kittens and mean
fetal heart rate was 229  2.52.
The linear transducer used was effective to eval-
uate all studied vessels. Triplex Doppler made it
possible to correctly identify these vessels, which
made it easier to adequately position the caliper and
obtain flow measurements. Eight ultrasonographic
Fig. 4. Means ( SEM) of the PSV, EDV, RI and PI of the fetal ca
a-dValues without a common superscript differed (P  0.05).evaluations were performed per female (total of 80
examinations). Each evaluation lasted for approxi-
mately 1 h. The physical restraint used minimized
stress, avoiding possible external interferences dur-
ing Triplex Doppler analysis.
Starting on Day 14, it was possible to detect blood
flow in the UPA, AA and CVC, whereas it was only
possible to evaluate the UMA starting on Day 21. For
all evaluated vessels, there was an effect of gestational
age (P  0.05) on the evaluated parameters. Mean
values for PSV, EDV, RI and PI of the UPA are shown
(Fig. 1). Values for PSV and EDV increased until Day
56; thereafter, blood flow velocities decreased signifi-
cantly. Resistance index and PI were stable throughout
most of pregnancy, but were significantly higher on the
last examination.
In the beginning of gestation, blood flow in the AA
was detected only during systole. However, in the sec-
ond half of gestation, starting from Day 34.0  3.5, the
na cava in pregnant queens.udal ve
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994 B.S. Pereira et al. / Theriogenology 77 (2012) 989–997diastolic component was detected. Triplex Doppler of
the aorta artery at Days 28 A and 42 B of pregnancy are
shown (Fig. 2).
Mean values for PSV, EDV, RI and PI of the AA are
shown (Fig. 3). Peak systolic velocity and EDV increased
progressively until the end of the pregnancy. Resistance in-
dex was constant until Day 42, declined on Day 49, and
thereafter was stable. Mean values of PI in this vessel were
almost constant throughout the pregnancy.
Caudal vena cava flow was characterized by a sys-
tolic peak, followed by a small diastolic flow. Mean
values for PSV, EDV, RI and PI of the CVC are
described (Fig. 4). Peak systolic velocity values in-
creased progressively until the end of the pregnancy.
End diastolic velocity was stable, but was increased at
the last examination. Both RI and PI were relatively
stable throughout gestation.
Doppler ultrasonography made it easier to visualize
the umbilical cord and enabled detection of blood flow
within its vessels. During the beginning of pregnancy,
only systolic flow could be detected in the UMA (Fig.
5A), whereas the diastolic wave was not detected until
Day 33.21  3.09 (Fig. 5B), concurrent with detection
f a diastolic wave within the fetal AA.
Mean values for PSV, EDV, RI and PI within the
MA are shown (Fig. 6). Peak systolic velocity and
DV progressively increased until the end of gestation.
esistance index and PI progressively decreased,
eaching a nadir on the last day of evaluation.
Based on data PSV, EDV, RI and PI within the AA,
MA, UPA, and CVC, regression equations were gen-
rated for parameters that were statistically significant.
Fig. 5. Triplex Doppler of the fetal umbilical arteryhe data considered significant are shown (Table 1).For all parameters of UPA that were evaluated, none of
the mathematical models were significant.
4. Discussion
To our knowledge, this is the first research study
where Triplex Doppler was used to evaluate fetal and
maternal hemodynamics, with blood flow values for
fetal UPA, UMA, AA, and CVC throughout gestation
in domestic cats. Clearly, there is no single, blood
vessel that can be evaluated during gestation which can
provide comprehensive information regarding preg-
nancy and fetal wellbeing. Therefore, the ideal ap-
proach to evaluate fetal viability through monitoring
fetal-placental circulation is to evaluate fetal UPA, AA,
UMA and CVC.
Measuring uteroplacental blood circulation
through Triplex Doppler is an important tool for
evaluation of fetal-maternal circulation. According
to Scotti et al [8], there was an increase in PSV and
EDV of the UPA in queens before 2 wk before
parturition. Conversely and Di Salvo [7] reported no
alteration in these parameters in the pregnant bitch.
However, in the present study, there were clear de-
creases in PSV and EDV in the last week of gesta-
tion, as observed in bitches [13]. In this study, blood
flow observed within UPA was typical for low resis-
tance vessels, which increases placental perfusion
during pregnancy [7,8,10,13]. Resistance index and
PI within UPA were mainly constant throughout
pregnancy, with PI suddenly increasing on Day 63,
indicating a decrease in blood perfusion near birth.
(A) and 42 d (B) after mating, in pregnant queens.This observation may be related to the physiological se-
AC
U
D
995B.S. Pereira et al. / Theriogenology 77 (2012) 989–997nility of the placenta, whose life cycle is determined by
the gestational period. At the end of pregnancy, this organ
is senile, becoming incapable of performing its functions.
Thus, PI may represent an important way to monitor the
end of pregnancy to avoid minimize suffering and pre-
Fig. 6. Means ( SEM) of the PSV, EDV, RI and PI of the fetal um
a-eValues without a common superscript differed (P  0.05).
Table 1
Regression analysis of the parameters obtained for aorta artery, caud
day.
Blood vessel Regression equation
orta artery PSV  7.987 0.261 D
EDV  0.573 0.089 D
RI  1.021–0.004 D
PI  0.872 0.031 D - 3.45 -D2
audal vena Cava PSV  3.357 0.22 D
EDV  3.395 0.675 D – 0.021 D
RI  1.13–0.043 D 0.001 D2 – 1.22
PI  2.292–0.129 D 0.004 D2 – 3.1
mbilical artery PSV  42.94  16.494Log(D)
EDV  4.273 0.203 D
RI  1.175–0.008 D
PI  0.757 0.045 D – 0.001 D2, number of days after mating; R, coefficient of determination.sumably increasing fetal survival by determining the ap-
propriate time for initiating parturition or performing a
Cesarean section.
Detection of the diastolic wave feline fetal aa in the
present study (Day 34  3.5) was in accordance with
artery in pregnant queens.
cava and umbilical artery of feline fetuses related to gestational
R2 Probability
Intercept Slope
0.937 0.0004 0.0001
0.893 0.3155 0.0004
0.837 0.0001 0.0014
0.753 0.0034 0.381
0.874 0.0560 0.0007
7–4 D3 0.965 0.0366 0.0014
0.856 0.0031 0.0400
3 0.87 0.0067 0.0352
0.997 0.0001 0.0001
0.967 0.0023 0.0001
0.971 0.0001 0.0001
0.888 0.0428 0.0156bilicalal vena
2 1.98
2–5 D3
95–5 D
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996 B.S. Pereira et al. / Theriogenology 77 (2012) 989–997other studies with other domestic females, including
bitches [7,13], queens [8], and female rabbits [9].
Scotti, et al [8] observed a weekly increase in PSV.
owever, in the present study, no significant differ-
nces were observed between Days 42 and 63, probably
ue to the smaller prolificacy observed for the evalu-
ted queens. The number of fetuses present in a gesta-
ion probably determines uterine vascular alterations
hat interfere with fetal irrigation, changing velocity
atterns. The obtained values for EDV were similar to
hose reported for queens [8], bitches [7], rabbits [9]
nd women [6]. This progressive increase of PSV and
DV may be explained by the increasing demand to
eed vital organs (brain and heart), as well as abdominal
rgans and the placental bed [25]. Most likely, the
ecrease in RI occurred due to the appearance of the
iastolic peak and progressive development of fetal
irculation [7–9].
The wave observed within fetal the CVC presents
he characteristic of vessels with direct cardiac connec-
ion, presenting a diastolic peak followed by a small
ystolic peak. This pattern was observed because this
essel reflects the activity of the cardiac cycle (systole
nd diastole) [7–9]. The increase in PSV and EDV and
he reduction in RI and PI were in accordance with a
revious report [8]. The different growth patterns for
he velocities (PSV and EDV) can be influenced by the
ifferent growth patterns of the veins of the umbilical
ord and the diameter of the venous duct [20]. Decrease
n PI may be partly attributed to the progressive devel-
pment of the distal vascular bed of the feline fetus and
o changes in vascular tonus and caliber [18]. Further-
ore, a reduction in PI is related to the incremental
ncrease in PSV. According to Paranace [20], this may
e related to the age of the conceptus, the increase in
he length of the right ventricle and/or the decrease in
he ventricular rigidity. These alterations in PI and PSV
ay predict birthdate.
In the beginning of pregnancy, the concurrent high
alues of RI and PI and the absence of diastolic flow
ithin the AA and the UMA were consistent with a
igh resistance to blood flow. Along with the progres-
ive development of fetal circulation and the appear-
nce of a diastolic peak within these arteries, a decrease
n RI and PI of the UMA and RI of the AA occurred.
imilar results were also observed in bitches [14] and
emale mice [26] regarding UMA. Concerning AA, the
ame pattern was described for bitches [7,13], women
6], cats [8] and female rabbits [9].
Through the evaluation of the UMA, AA, and CVC,
egression equations with high coefficients of determi-ation were developed in the present study. However,
or UPA, the coefficients of determination were not
ignificant. The equations developed in this study de-
cribed the relation between gestational days and flow
ata. These equations were developed using Triplex
oppler to evaluate fetal development when the gesta-
ional period was known. Additionally, these equations
ould also be used to determine the stage of gestation,
ased on vascular data. Certainly, other ultrasono-
raphic features of pregnant cats, as previously de-
cribed [27–31], could also be used to further validate
he accuracy of the duration of pregnancy.
The trustworthiness of the ultrasonographic exami-
ations with spectral Doppler, not only for pregnant
ueens, but also for other animal species, is operator-
ependent, requiring experience and is intrinsically
elated to one’s ability of obtaining the interval of
ngle correction for all evaluated vessels. Further-
ore, gas within the cecum may interfere with the
xamination, and maternal and fetal movements may
lso interfere, particularly if a relatively long exam-
nation is required [9].
In conclusion, Triplex Doppler enabled evaluation
f blood flow characteristics within maternal and fetal
essels during pregnancy in domestic cats, which could
e monitored to assess the progression of the pregnancy
nd fetal viability. In addition, regression equations
ere developed, describing the relation between gesta-
ional days and vascular development during pregnancy
n cats.
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